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BASELINE PARAMETERS 
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GEO-GEO Crosslink with Sun Effect 


Modulation: QPSK 
Coding: None 


Carrier Frequency = 55.5 GHz 


Parameter 

Value Units 

Remarks 

Transmitting S/C Power 

10.00 dBW 

10.0 vatta 

Transmit Line Loss 

1.00 dB 


Feed Loss 

0.60 dB 


Transmitting Antenna Gain 

63.30 dBi 

3.2-m dish 

EIRP 

71.70 dBW 


Free Space Loss 

225.72 dB 

83 , 043 km 

Pointing Loss 

0.10 dB 

0.01 degree 

Polarization Loss 

0.20 dB 


Tracking Loss 

0.10 dB 

0.01 degree 

Net Path Loss 

226.12 dB 


Receiving S/C Antenna Gain 

63.30 dBi 

3.2-m dish; Temp. =5200 K 

Feed Loss 

0.60 dB 

Temp.= 10 K 

Receive Line Loss 

1.20 dB 

Temp . = 290 K 

Receiver Temperature 


360 K 

System Noise Temperature 

35.87 dB-K 

3866.6 K at Receiver Input 

Effective G/T 

25.63 dB/K 


Received Carrier Level 

-92.92 dBW 

At Receiver Input 

Boltzmann's Constant 

-228.60 dBW/Hz-K 


Received C/No 

99.80 dB-Hz 


ISI Degradation 

0.77 dB 


Modem Loss 

2.00 dB 


Data Rate 

84.77 dB-Hz 

300 Mb/s 

Available Eb/No 

12.26 dB 


Required Eb/No 

10.50 dB 

BER =10 uncoded 

Coding Gain 

0.00 dB 



Eb/No Margin 1.76 dB 


Ford Aerospace & 
Communications Corporation 


GEO-GEO Crosslink without Sun Effect 


Modulation: QPSK 
Coding: None 

Carrier Frequency = 55.5 GHz 


* Parameter 


Value Units 


Remarks 


Transmitting S/C Power 
Transmit Line Loss 

Feed Loss 

Transmitting Antenna Gain 


10.00 dBW 
1.00 dB 
0.60 dB 
63.30 dBi 


EIRP 71.70 dBW 


10.0 watts 


3.2-m dish 


Free Space Loss 
Pointing Loss 
Polarization Loss 
Tracking Loss 


225.72 dB 
0.10 dB 
0.20 dB 
0.10 dB 


Net Path Loss 226.12 dB 


83, 043 km 
0.01 degree 

0.01 degree 


Receiving S/C Antenna Gain 63.30 

Feed Loss 0.60 

Receive Line Loss 1.20 

Receiver Temperature 
System Noise Temperature 26.41 


Effective G/T 35.09 

Received Carrier Level -92.92 

Boltzmann's Constant -228.60 


Received C/No 109.27 


dBi 3.2-m dish; Temp. *= 10 K 

dB Temp . * 10 K 

dB Temp . = 290 K 

360 K 

dB-K 437.6 K at Receiver Input 

dB/K 

dBW At Receiver Input 

dBW/Hz-K 

dB-Hz 


ISI Degradation 
Modem Loss 

Data Rate 


0.92 dB 
2.00 dB 

93.01 dB-Hz 2000 Mb/s 


Available Eb/No 13.34 dB 


Required Eb/No 
Coding Gain 


10.50 dB 
0.00 dB 


Eb/No Margin 2.84 dB 


BER = 10~ 6 , 


uncoded 


( ^SSpo^ ) Ford Aerospace & 
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LEO-GEO Crosslink with Earth Effect 


Modulation: QPSK 
Coding: Rate 5/6 FEC 

Carrier Frequency - 60.0 GHz 


Parameter 

Value 

Units 


Remarks 

Transmitting S/C Power 

8 

.75 

dBW 

7 

.5 watts 

Transmit Line Loss 

1. 

.20 

dB 



Feed Loss 

0 . 

.60 

dB 



Transmitting Antenna Gain 

56, 

.90 

dBi 

1.4-m dish 

EIRP 

63. 

.85 

dBW 



Free Space Loss 

220, 

.41 

dB 

41,660 km 

Pointing Loss 

0 , 

.07 

dB 

0.02 

degree 

Polarization Loss 

0, 

.20 

dB 


Tracking Loss 

0 , 

.03 

dB 

0.02 

degree 

Net Path Loss 

220, 

.71 

dB 



Receiving S/C Antenna Gain 

53, 

.00 

dBi 

0.9-m dish; Temp. - 250 K 

Feed Loss 

0 , 

.60 

dB 

Temp 

10 K 

Receive Line Loss 

1, 

.40 

dB 

Temp 

290 K 

Receiver Temperature 




360 K 

System Noise Temperature 

27, 

.77 

dB-K 

598 

. 6 K at Receiver Input 

Effective G/T 

23, 

.23 

dB/K 



Received Carrier Level 

-105, 

.86 

dBW 

At Receiver Input 

Bo 1 1 zmann ' s Cons tant 

-228, 

.60 

dBW/Hz-K 



Received C/No 

94, 

.97 

dB-Hz 



ISI Degradation 

1 , 

.03 

dB 



Modem Loss 

2, 

.00 

dB 



Data Rate 

84, 

.77 

dB-Hz 

300 Mb/s 

Available Eb/No 

7, 

.17 

dB 



Required Eb/No 

10, 

.50 

dB 

BER — 10 ^ , uncoded 

Coding Gain 

5, 

.40 

dB 



Eb/No Margin 

2, 

,07 

dB 
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LEO-GEO Crosslink with Sun Effect 


Modulation: QPSK 
Coding: Rate 5/6 FEC 

Carrier Frequency = 60.0 GHz 


Parameter 

Value Units 

Remarks 

Transmitting S/C Power 

8.75 dBW 

7.5 watts 

Transmit Line Loss 

1.20 dB 


Feed Loss 

0.60 dB 


Transmitting Antenna Gain 

56.90 dBi 

1.4-m dish 

EIRP 

63.85 dBW 


Free Space Loss 

220.41 dB 

41,660 km 

Pointing Loss 

0.07 dB 

0.02 degree 

Polarization Loss 

0.20 dB 


Tracking Loss 

0.03 dB 

0.02 degree 

Net Path Loss 

220.71 dB 


Receiving S/C Antenna Gain 

53.00 dBi 

0.9-m dish; Temp. =4400 K 

Feed Loss 

0.60 dB 

Temp.= 10 K 

Receive Line Loss 

1.40 dB 

Temp.= 290 K 

Receiver Temperature 


360 K 

System Noise Temperature 

35.07 dB-K 

3217.1 K at Receiver Input 

Effective G/T 

15.93 dB/K 


Received Carrier Level 

-105.86 dBW 

At Receiver Input 

Boltzmann* s Constant 

-228.60 dBW/Hz-K 


Received C/No 

87.67 dB-Hz 


ISI Degradation 

0.79 dB 


Modem Loss 

2.0 0 dB 


Data Rate 

76.99 dB-Hz 

50 Mb/s 

Available Eb/No 

7.89 dB 




'6 , , 

Required Eb/No 

10.50 dB 

BER =10 , uncoded 

Coding Gain 

5.40 dB 



Eb/No Margin 2.79 dB 
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GEO-LEO Crosslink with Earth Effect 


Modulation: BPSK 
Coding: None 


Carrier Frequency = 57.8 GHz 


Parameter 

Value 

Units 

Remarks 


Transmitting S/C Power 

-2.22 

dBW 

0.6 watts 


Transmit Line Loss 

1.20 

dB 



Feed Loss 

0.60 

dB 



Transmitting Antenna Gain 

52.70 

dBi 

0.9-m dish 


EIRP 

48.68 

dBW 



Free Space Loss 

220.08 

dB 

41, 660 km 


Pointing Loss 

0.03 

dB 

0.02 degree 


Polarization Loss 

0.20 

dB 



Tracking Loss 

0.07 

dB 

0.02 degree 


Net Path Loss 

220.38 

dB 



Receiving S/C Antenna Gain 

56.50 

dBi 

1.4-m dish; Temp. = 

250 K 

Feed Loss 

0.60 

dB 

Temp.= 10 K 


Receive Line Loss 

1.40 

dB 

Temp.= 290 K 


Receiver Temperature 



360 K 


System Noise Temperature 

27.77 

dB-K 

598.6 K at Receiver 

Input 

Effective G/T 

26.73 

dB/K 



Received Carrier Level 

-117.20 

dBW 

At Receiver Input 


Boltzmann’s Constant 

-228.60 

dBW/Hz-K 



Received C/No 

83.63 

dB-Hz 



ISI Degradation 

0.00 

dB 



Modem Loss 

2.00 

dB 



Data Rate 

60.00 

dB-Hz 

1 Mb/s 


Available Eb/No 

21.63 

dB 



Required Eb/No 

10.50 

dB 

BER = 10 uncoded 


Coding Gain 

0.00 

dB 



Eb/No Margin 

11.13 

dB 
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GEO-LEO Crosslink with Sun Effect 


Modulation: BPSK 
Coding: None 


Carrier Frequency = 57.8 GHz 


Parameter 

Value 

Units 

Remarks 

Transmitting S/C Power 

-2.22 

dBW 

0.6 watts 

Transmit Line Loss 

1.20 

dB 


Feed Loss 

0.60 

dB 


Transmitting Antenna Gain 

52.70 

dBi 

0 . 9-m dish 

EIRP 

48.68 

dBW 


Free Space Loss 

220.08 

dB 

41,660 km 

Pointing Loss 

0.03 

dB 

0.02 degree 

Polarization Loss 

0.20 

dB 


Tracking Loss 

0.07 

dB 

0.02 degree 

Net Path Loss 

220.38 

dB 


Receiving S/C Antenna Gain 

56.50 

dBi 

1.4-m dish; Temp. =5000 K 

Feed Loss 

0.60 

dB 

Temp . = 1 0 K 

Receive Line Loss 

Receiver Temperature 

1.40 

dB 

Temp.= 290 K 
360 K 

System Noise Temperature 

35.56 

dB-K 

3595.6 K at Receiver Input 

Effective G/T 

18.94 dB/K 


Received Carrier Level 

-117.20 

dBW 

At Receiver Input 

Boltzmann* s Constant 

-228.60 

dBW/Hz-K 


Received C/No 

75.84 

dB-Hz 


ISI Degradation 

0.00 

dB 


Modem Loss 

2.00 

dB 


Data Rate 

60.00 

dB-Hz 

1 Mb/s 

Available Eb/No 

13.84 

dB 

-6 

Required Eb/No 

10.50 

dB 

BER =10 , uncoded 

Coding Gain 

0.00 

dB 


Eb/No Margin 

3.34 

dB 
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ACQUISITION SIGNAL DETECTION TIME 
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SPATIAL ACQUISITION TIME 
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SELECTED APPROACH 



O 


O 


O 


O 


( JS/SrvT ) Ford Aerospace & 



SELECTED APPROACH 



Ford Aerospace & 
Communications Corporation 




GEO-GEO ACQUISITION 



Ford Aerospace & 
Communications Corporation 


60 GHz LEO-GEO ACQUISITION ANALYSIS 
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60 GHz LEO-GEO ACQUISITION ANALYSIS 

(CONTINUED) 
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ACQUISITION EQUATIONS 
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SEARCH CASE 1 : SECTOR SCAN ANALYSIS 
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SEARCH CASE 2: VOLUME SEARCH ANALYSIS 



N 

I 




vO 

0 s 

NO 

0 s * 


vo 

tJ- 

.co 


CD 


00 

O 

CM 


r^ 

6" 

o 

O 

O 

o 

UJ 

T3 

00 

CO 

LO 

CM 

03 

O 

8 

O 

03 

eg 

CM 

CD 

7— 


CD 

o 

03 

Q 

00 CD 03 

o 

03 




CO 

03 

O 

t- 03 


03 


CD 

cS 

c 

CO 

O 

C/3 

CO 

C 

c 

0) JZ 

3 c2 

E co co 

‘n c 

CO C o 


E 

3 

E 

‘x 


£ o 

11 

1 S' 1> 

2 < Q. 

o o o 


T3 

CD 

E 

3 
>, CO 
Z-? CO 

JD 

CO ^ 

CD > = 
e -Q 

iol 

C g 

o £ E 

‘co -2 E 

cr a w 

o c! >, 

< Q. c/) 
o o o 


w 

_co 

co 


g « § i 

.2 o'B co 

«3 ’To i2 ® 

o£®'" 

^ S 1 ^ _ 

> .E o o 

CD CD -Q JD 
13 13 CO CO 

F F -a -a 
§ § 2 2 
Z Z 0- CL 

o o o o 


c 

o 

"co 

*3 

cr 

o 

co 

H— 

o 

>. 

5 

co 

jd 

o 


Ford Aerospace 4 
Communications Corporation 


SEARCH CASE 3: OPTIMIZED SEARCH ANALYSIS 
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COMPONENTS POWER, WEIGHT AND SIZE (GEO-GEO) 


PER UNIT DATA 


GEO -GEO EQUIPMENT 

1 

1 Qty 
1 

| Weight j 
1 lbs. | 

Power 

W 

1 1 

| Size | 

| in x in x in | 

Redundancy 

Receiver (RF Portion) 

1 

1 l 

1 4 . 3 | 

28 

| 5x4x2 | 

j 1 x 3 x 3/4 | 

i 

2 GBPS Demodulator (QPSK) 

1 

1 1 

1 3 | 

6 

i i 

I 3x4x2 i 

i ' 

QPSK Modulator & L.O. 

H 

1 5 | 

24 

j 3x4x1 [ 

I 5x4x2 | 

i 

Transmitter (10W) 

l 

ii 

\ 1.6 I 

111 

1 1 
j 14 x 5 x 1 . 5 | 

i 

Feed Assembly 

— 

1 3.5| 


1 1 
j 4 x 4 x 18 | 


Antenna (3.2 m) 

1 

i i 

1 60.5 | 


1 1 
| 3.2m x 3.2 x ,9| 


300 MBPS QPSK Demodulator 

H 

1 3 | 

6 

1 1 
I 3x4x2 [ 

1 

Gimbal Subsystem 

■■ 

1 28 ! 


1 1 
I 14 x 13.5 x 11 | 


Gimbal Drive Electronics 

H 

i 5 i 

6 

1 1 
I 8.5 x 2.6 x 5.7| 

1 

Acquisition & Tracking Receiver 

i i 

i 1.2 | 

4 

1 1 
I 3x6x2 | 

i 

TOTAL PER OPERATIONAL SYSTEM 


1 115.1 I 

194 

1 1 
1 1 


TOTAL PER SPACECRAFT (PAYLOAD) 


1 138.2 


1 1 
1 1 



DC/DC Converter 

1 

J 

1 1 
J 4 1 

49 

1 1 
1 1 

2 


Antenna System Control Electronics 

l 

1 i 

3.5 : 

1.0 

1 3 1 
1 112 in. I 

1 

6 Antenna Controller 

H 

0.5 | 

0.1 

1 1 
1 4 x 8 x 1/2 I 

6 

1 Antenna Control Microprocessor 

H 

0.5 | 

0.4 

1 1 
1 4 x 8 x 1/2 | 

1 

TOTAL PER OPERATIONAL SYSTEM 

1 

1 

3.5 | 

1.0 

1 1 
1 1 


TOTAL PER SPACECRAFT (CONTROLLER) 

1 

J 

7.0 | 

- 

1 1 



TOTAL PER SPACECRAFT 

1 

J 

i i 

1 157.2 | 

244.0 

1 1 

1 L_ 



* Average 
**Peak 
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COMPONENTS POWER, WEIGHT AND SIZE (GEO-LEO) 


PER UNIT DATA 


GEO EQUIPMENT 

1 

1 Qty 
1 

i 

Weight | 
lbs. | 

Power 

W 

1 

| Size 

j in x in x in 

Redundancy 


1 

1 


| 5x4x2 


LEO-GEO Receiver (RF Portion) 

1 l 

4.3 | 

28 

| 1 x 3 x 3/4 

i 

QPSK Demodulator & FEC Decoder 

1 

1 l 

1 

4 I 

16 

i 

| 3x6x2 

i 

GEO Ranging Subsystem 

m 

1 

0.5 | 

0.6 

1 

j 4 . 5 x 4 . 5 x 3/4 

. 


i i 



| 3x4x1 


BPSK Modulator (IMb/s) & L.O. 

i i i 

4.1 | 

18.2 

| 5x4x2 

i 

Transmitter (0.6 W) 

i i 

i ii 

1 0.3 1 

6.3 

i 

| 3.3 x 2 x 1 

1 

Feed Assembly 

m 

t 1 

1 3.3 | 


1 

j 4 x 4 x 18 

. 

Antenna (0.9 m) 

i i 

i i i 

1 1 
1 7.3 1 


i 

| 0 . 9 m x . 9 x .3 

36 x 36 x 2 

Gimbal Subsystem 

m 

1 1 
1 28 | 


1 

| 14 x 13.5 x 11 


Gimbal Drive Electronics 

m 

1 1 
1 5 | 

4.5 

1 

| 8.5 x 2.6 x 5.7 

1 

Acquisition & Tracking Receiver 

i i 

i i i 

1 1 
1 1-2 1 

4 

1 

I 3x6x2 

i i 


i i 

TOTAL PER OPERATIONAL SYSTEM PER USAT | 

1 

58.0 | 

86.6 

1 

1 


TOTAL PER USAT (PAYLOAD) 

i i 

i i 

1 

76.9 | 


1 

1 


TOTAL PER SPACECRAFT (5 PAYLOADS) 

i i 

i i 

1 

384.5 | 

483.0 

1 

J 



DC/DC Converter 

i i 

i i 

1 

10 1 

108.0 

1 

J 

i 

1 2 


TOTAL PER SPACECRAFT 

i i 

i i 

1 

414.5 | 

541.0 

1 

I 

1 

1 


* Average 1 1 1 1 1 

** Peak 1111 1 
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TYPICAL TELEMETRY AND COMMAND LIST 


Unit: Command 

Commands 

Command address (selects unit 
to process data) 

Critical command enable/disable 
Data load to controller 
Stored program time lag 

Unit: Telemetry 

Commands 

Unit on/off 
Dewll mode select 
Dwell word(s) select 


Unit: Transmitter 

Commands 

Unit on/off 
Mod index select 
Mod source select 

Unit: Receiver 

Commands 


Unit: System Controller and Gimbal Drive 

Commands 

Unit on/off 
Track auto/manual 
Slew, manual pitch 
Slew, manual yaw 
Pitch, slew limit 
Yaw slew limit 
Auto scan select 
Data load 


Telemetry 

Command verification 
Execute flag 

Stored and sequence readout 


Telemetry 

Frame sync 
Subframe counter 
Dwell word i.d. 

Spacecraft i.d. 

Telemetry unit on/off status 


Telemetry 

On/off status 
Mod index selected 
Mod source selected 


Telemetry 

Phase lock loop lock status 
Phase lock loop stress 
Receiver AGC voltage 


Telemetry 
On/off status 

Mode, auto scan/manual slew 
Controller data dump 
Pitch Drive to motor 
Yaw drive to motor 
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CHANNELIZED 60 GHz CROSSLINK CHARACTERISTICS SUMMARY 

RETURN UNKS 
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LSA4 CHANNEL UTILIZATION 
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FORWARD CHANNEL UTILIZATION 
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SIMPLEST MULTIPLEXING OF LSA4 CHANNEL 



* THIS APPROACH REJECTEO BECAUSE OF INTERHOOULAT ION 
PRO0LEHS IN THE UPCONVERTER AND POWER AMPLIFIER I 






POWER TRANSFER CHARACTERISTIC OF COMPLETE 
TWO-STAGE IMPATT AMPLIFIER 



Reference: HJ. Kuno and D.L. English, "Millimeter Wave IMPATT Power Amplifier/Combiner" 
IEEE Trans. Microwave Theory Tech., Vol. MTT-24, p.p. 758-767, Nov. 1976. 




SELECTED APPROACH TO MULTIPLEXING LSA4 CHANNEL 
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m 


WSA1 Channel without Sun Effect 

Modulation: QPSK 

Coding: None 

Carrier Frequency = 55.8 GHz 



Parameter 


Value Units 


Remarks 
2.5 watts 


Transmitting S/C Power 
Transmit Line Loss 
Feed Loss 

Transmitting Antenna Gain 

EIRP 


3.98 dBW 
2.30 dB 
0.60 dB 
63.40 dBi 


64.48 dBW 


3.2-m dish 


Free Space Loss 
Pointing Loss 
Polarization Loss 
Tracking Loss 


225.78 dB 
0.33 dB 
0.20 dB 
0.33 dB 


Net Path Loss 226.64 dB 


Receiving S/C Antenna Gain 
Feed Loss 
Receive Line Loss 

Receiver Temperature 
System Noise Temperature 


63.40 dBi 
0.60 dB 
2.50 dB 

26.92 dB-K 


Effective G/T 33.38 dB/K 


83 , 043 km 
0.02 degree 

0.02 degree 


3.2-m dish; Temp. = 10 K 

Temp . c 10 K 
Temp.= 290 K 
360 K 

492.5 K at Receiver Input 


Received Carrier Level -101.86 dBW At Receiver Input 

Boltzmann's Constant -228.60 dBW/Hz-K 


Received C/No 99.82 dB-Hz 


CCI Degradation 
ISI Degradation 
Modem Loss 
Data Rate 


0.00 dB 
1.07 dB 
2.00 dB 
84.77 dB-Hz 


Available Eb/No 11.98 dB 


Required Eb/No 
Coding Gain 


10.50 dB 
0.00 dB 


300 Mb/s 


BER = 10 


-6 


uncoded 


Eb/No Margin 


1.48 dB 



LSA1 


Modulation: QPSK 

Coding: None 

Carrier Frequency = 


Parameter 


Transmitting S/C Power 
Transmit Line Loss 
Feed Loss 

Transmitting Antenna Gain 

EIRP 

Free Space Loss 
Pointing Loss 
Polarization Loss 
Tracking Loss 

Net Path Loss 

Receiving S/C Antenna Gain 
Feed Loss 
Receive Line Loss 

Receiver Temperature 
System Noise Temperature 

Effective G/T 

Received Carrier Level 
Bo 1 tzmann * s Constant 


Received C/No 



CCI Degradation 
ISI Degradation 
Modem Loss 
Data Rate 

Available Eb/No 

Required Eb/No 
Coding Gain 

Eb/No Margin 


without Sun Effect 


59.9 GHz 


Value Units Remarks 


3.98 dBW 2.5 watts 

2.30 dB 
0.60 dB 

64.00 dBi 3.2-m dish 

65.08 dBW 

226.38 dB 83.043 km 

0.33 dB 0.02 degree 

0.20 dB 

0.33 dB 0.02 degree 

227.24 dB 

64.00 dBi 3.2-m dish; Temp. * 10 K 

0.60 dB Temp . * 10 K 

2.50 dB Temp . * 290 K 

360 K 

26.92 dB-K 492.5 K at Receiver Input 

33.98 dB/K 

101.26 dBW At Receiver Input 

228.60 dBW/Hz-K 

100.41 dB-Hz 

0.00 dB 
1.07 dB 
2.00 dB 

84.77 dB-Hz 300 Mb/s 

12.57 dB 

10.50 dB BER * 10 uncoded 

0.00 dB 


2.07 dB 



LSA4 


Modulation; QPSK 
Coding: None 

Carrier Frequency - 


Parameter 


Transmitting S/C Power 
Transmit Line Loss 
Feed Loss 

Transmitting Antenna Gain 

EIRP 

Free Space Loss 
Pointing Loss 
Polarization Loss 
Tracking Loss 

Net Path Loss 

Receiving S/C Antenna Gain 
Feed Loss 
Receive Line Loss 

Receiver Temperature 
System Noise Temperature 

Effective G/T 

Received Carrier Level 
Boltzmann f s Constant 

Received C/No 

CCI Degradation 
ISI Degradation 
Modem Loss 
Data Rate 

Available Eb/No 

Required Eb/No 
Coding Gain 

Eb/No Margin 



without Sun Effect; Baseband Signals 


62.0 GHz 


Value Units Remarks 


0.00 dBW 1.0 watts 

3.80 dB 
0.60 dB 

64.20 dBi 3.2-m dish 

59.80 dBW 

226.69 dB. 83,043 km 

0.33 dB 0.02 degree 

0.20 dB 

0.33 dB 0.02 degree 

227.55 dB 

64.20 dBi 3.2-m dish; Temp. - 10 K 

0.60 dB Temp.- 10 K 

2.50 dB Temp.- 290 K 

360 K 

26.92 dB-K 492.5 K at Receiver Input 

34 . 18 dB/K 

106.65 dBW At Receiver Input 

228.60 dBW/Hz-K 

95 . 02 dB-Hz 

0.00 dB 
1.07 dB 
2.00 dB 

80.04 dB-Hz 101 Mb/s 

11.91 dB 

10.50 dB BER - 10' 6 , uncoded 

0.00 dB 


1.41 dB 
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SSA RETURN 

USER TO BACKSIDE TO FRONTSIDE TO GROUND 
12 MBPS; NO CODING; CARRIER FREQUENCY: 62.050 GHz 


1. 

USER EIRP, DBW 

40.99 

(Note 

1) 

2. 

SPACE LOSS, DB 

192.20 

z 

0 

rt 

S 

1) 

3. 

TDRSS G/T, DB/K 

8.57 

(Note 

1) 

4. 

SIGNAL SUPPRESSION. DB 

0.00 

(Note 

1) 

5. 

BOLTZMANNS CONST, DBW/HZ-K 

-228.60 

(Note 

1) 

6. 

C/No AT BACKSIDE, DB-HZ 

85.96 

(Note 

1) 

7. 

BANDWIDTH, DB-HZ 

71.94 

(Note 

/ 

i)*-~ 

8. 

C/N AT BACKSIDE, DB-HZ 

14.02 

(Note 

9. 

BACKSIDE -CROSSLINK EIRP, DBW 

59.56 

(Note 

2) 

10. 

PATH LOSS, DB 

-226.69 

(83,043 KM) 

11. 

POLARIZATION LOSS, DB 

.20 



12. 

POINTING LOSS. DB 

.33 



13. 

TRACKING LOSS. DB 

.33 



14. 

FRONTSIDE r CROSS LINK REC. POWER DBI 

-167.99 



15. 

FRONTS IDE -CROSSLINK G/T, DB/K 

34.24 

(Note 

3) 

16. 

BOLTZMANNS CONST, DBW/HZ-K 

-226.60 



17. 

P/No (THERMAL) , DB-HZ 

94.85 



18. 

P/No (TOTAL) DB-HZ 

94.65 



19. 

BANDWIDTH, DB-HZ 

71.94 



20. 

P/N (TOTAL), DB 

22.91 



21. 

FRONTSIDE-DOWNLINK EIRP DBW 

39.90 

(Note 

1) 

22. 

PATH LOSS. DB 

207.70 

z 

o 

ft 

• 

1) 

23. 

ATMOSPHERIC LOSS. DB 

1.10 

(Note 

1) 

24. 

POLARIZATION LOSS 

.03 

(Note 

1) 

25. 

RAIN ATTENUATION, DB 

6.00 

(Note 

1) 

26. 

GROUND RECEIVED POWER, DBI 

-174.93 

(Note 

1) 

27. 

GROUND G/T, DB/K 

41.70 

(Note 

1) 

26. 

BOLTZMANNS CONST, DBW/HZ-K 

-228.60 

(Note 

1) 

29. 

P/No (THERMAL) . DB-HZ 

75.37 

(Note 

1) 

30. 

IM DEGRADATION, DB 

1.22 

(Note 

1) 

31. 

P/No (TOTAL), DB-HZ 

94.15 

(Note 

1) 

32. 

BANDWIDTH, DB-HZ 

71.94 

(Note 

1) 

33. 

P/N (TOTAL). DB 

22.21 

(Note 

1) 

34. 

C/N AT GROUND. DB 

12.95 



35. 

BANDWIDTH, DB-HZ 

71.94 

(Note 

1) 

36. 

C/No AT GROUND, DB-HZ 

64.89 



37. 

DATA RATE, DB-HPS (300 MBPS) 

70.79 

(Note 

1) 

38. 

Eb/No INTO DEMODULATOR, DB 

14.10 



39. 

GROUND EQUIPMENT DEC., DB 

4.50 

(Note 

1) 

40. 

DIFF CODING LOSS, DB 

.30 

(Note 

1) 

41. 

NET Eb/No. DB 

9.30 



42. 

THEORETICALLY REQUIRED Eb/No, DB 

9.60 

(Note 

1) 

43. 

MARGIN WITH RAIN 

-0.30 






NOTES t 

1) Value* obtained from "TDRSS Telecommunication* Performance 
and Interface Document (TPID) " 

SE-09 12 March 1984 Table 1.1. 1-3 page 1-9. 


2) SSA Return Crosslink EIRP: 


Transmitter Power , dBW 

0.00 

Combiner Loss, dB 

-1.80 

Transmission Line Loss, dB 

-2.30 

Feed Loss, dB 

- .60 

Transmit Antenna Gain. dBi 

66.36 

Antenna Efficiency, dB 

lfl- 

EIRP 

59.56 dBW 


3) SSA Return Crosslink G/T: 


Receive Antenna Gain, dBi 66.36 
Antenna Efficiency, dB -2.10 
Feed Loss, dB -.60 
Receive Line Loss, dB -2.50 
System Noise Temperature, dB-K -26.92 

G/T 34.24 dB/K 
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KSA RETURN 

USER TO BACKSIDE TO FRONTSIDE TO GROUND 
300 MBPS; NO CODING; CARRIER FREQUENCY: 62.775 GHz 


1. 

USER EIRP, DBW 

57.37 

e 

4J 

0 

z 

1) 

2. 

SPACE LOSS, DB 

209.20 

(Note 

1) 

3. 

TDRSS C/T, DBA 

23.94 

(Note 

1) 

4. 

BOLTZMANNS CONST, DBW/HZ-K 

-228.60 

(Note 

1) 

5. 

C/No AT BACKSIDE, DB-HZ 

100.71 

(Note 

1) 

6. 

BANDWIDTH. DB-HZ 

83.73 

(Note 

1) 

7. 

CA AT BACKSIDE, DB-HZ 

16.98 

(Note 

1) 

8. 

BACKS IDE -CROSSLINK EIRP, DBW 

67.46 

(Note 

2) 

9. 

PATH LOSS, DB 

-226.78 

(83,043 KM) 

10. 

POLARIZATION LOSS. DB 

.20 



11. 

POINTING LOSS, DB 

.33 



12. 

TRACKING LOSS. DB 

.33 



13. 

FRONTSIDE-CROSSLINK REC. POWER DBW 

-160.18 



14. 

FRONTS IDE -CROSSLINK C/T, DBA 

34.34 

(Note 

3) 

15. 

BOLTZMANNS CONST, DBW/HZ-K 

-226.60 



16. 

P/No (THERMAL), DB-HZ 

102.76 



17. 

P/No (TOTAL) DB-HZ 

102.76 



18. 

BANDWIDTH, DB-HZ 

83.73 



19. 

P/N (TOTAL) , DB 

19.03 



20. 

FRONTSIDE -DOWNLINK EIRP DBW 

52.90 

(Note 

1) 

21 . 

PATH LOSS, DB 

207.70 

(Note 

1) 

22. 

ATMOSPHERIC LOSS. DB 

1.10 

(Note 

1) 

23. 

POLARIZATION LOSS 

.03 

(Note 

D 

24. 

RAIN ATTENUATION, DB 

6.00 

(Note 

1) 

25. 

GROUND RECEIVED POWER, DBI 

-161.93 

(Note 

1) 

26. 

GROUND G/ T, DBA 

41.00 

(Note 

1) 

27. 

BOLTZMANNS CONST, DBW/HZ-K 

-226.60 

(Note 

1) 

28. 

P/No (THERMAL), DB-HZ 

107.67 

(Note 

1) 

29. 

CROSS POL. DEG., DB 

.47 

(Note 

1) 

30. 

P/No (TOTAL) , DB-HZ 

107.20 

(Note 

1) 

31. 

BANDWIDTH, DB-HZ 

63.73 

(Note 

1) 

32. 

PA (TOTAL) , DB 

23.47 

(Note 

1) 

33. 

CA AT GROUND, DB 

14.31 



34. 

BANDWIDTH, DB-HZ 

83.73 

(Note 1) 

35. 

CAo AT GROUND, DB-HZ 

96.04 



36. 

DATA RATE, DB-BPS (300 MBPS) 

84.77 

(Note 1) 

37. 

EbAo INTO DEMODULATOR, DB 

13.27 



38. 

CROUND EQUIPMENT DEC., DB 

4.05 

(Note 1) 

39. 

DIFF CODING LOSS, DB 

.30 

(Note 1) 

40. 

NET EbAo, DB 

8.92 



41. 

THEORETICALLY REQUIRED Eb/No. DB 

9.60 

(Note 1) 

42. 

MARGIN WITH RAIN 

-0.66 




NOTES: 



1) Values obtained fron "TDRSS Telecommunications Performance 
and Interface Document (TP ID)** 

SE-09 12 March 1984 Table 1.1. 1-4 page 1-11. 

2) KSA Return Crosslink EIRP: 


Transmitter Power, dBW 

6.00 

Transmission Line Loss, dB 

-2.30 

Feed Loss, dB 

- .60 

Transmit Antenna Gain, dBi 

66.46 

Antenna Efficiency, dB 


EIRP 

67.46 dBW 


Return Crosslink G/T: 


Receive Antenna Gain, dBi 

66.46 

Antenna Efficiency, dB 

-2.10 

F eed Loss , dB 

-.60 

Receive Line Loss, dB 

-2.50 

System Noise Temperature, dB-K 

-.26.22 

G/T 

34.34 dB/1 



Ford Aerospace & 
Communications Corporation 


TT&C RETURN 

BACKSIDE TO FRONTSIDE TO CROUND 
10 Kbps; NO CODINC; CARRIER FREQUENCY: 62.050 GHz 


1. BACKSIDE-CROSSLINK EIRP, DBW 

2. PATH LOSS, DB 

3. POLARIZATION LOSS, DB 

4. POINTING LOSS, DB 

5. TRACKING LOSS, DB 

6. FRONTSIDE -CROSSLINK REC. POWER DBI 

7. FRONTSIDE-CROSSLINK G/T, DBA 

8. BOLTZMANNS CONST, DBW/HZ-K 

9. C/No (THERMAL), DB-HZ 

10. C/No (TOTAL) DB-HZ 

11. BANDWIDTH, DB-HZ 

12 . C/N (TOTAL) , DB 


13. FRONTSIDE -DOWNLINK EIRP DBW 

14. PATH LOSS, DB 

15. ATMOSPHERIC LOSS, DB 

16. POLARIZATION LOSS 

17. RAIN ATTENUATION, DB 

18. GROUND RECEIVED POWER, DBI 

19. GROUND G/T. DBA 

20. BOLTZMANNS CONST. DBW/HZ-K 

21. DEC. DUE TO TRANSMIT SA 

22. P/No (THERMAL), DB-HZ 

23. TELEMETRY MOD. LOSS, DB 

24. BANDWIDTH, DB-HZ 

25. P/N (TOTAL) , DB 


26. CA RT CROUND, DB 

27. BANDWIDTH, DB-HZ 

28. C/No AT GROUND. DB-HZ 

29. DATA RATE, DB-BPS (10 KBPS) 

30. RECEIVER LOSS, DB 

31. DEMODULATOR LOSS, DB 

32. RECEIVED SNR, DB 

33. REQUIRED SNR. DB 

34. TELEMETRY MARGIN 


49 

.86 

(Note 

2) 

-226 

.69 

(63. 043 


.20 




.33 




.33 



-166 

.83 



34 

.24 

(Note 

3) 

-228 

.60 



96 

.01 



96 

.01 



64 

.77 

(Note 

1) 

21 

.24 



26 

.52 

(Note 

1) 

207 

.43 

(Note 

1) 

1- 

.30 

(Note 

1) 

0 

.00 

(Note 

1) 

15. 

.00 

(Note 

1) 

-195, 

.21 

(Note 

1) 

41. 

.40 

(Note 

1) 

-228. 

.60 

(Note 

1) 


.98 

(Note 

1) 

73. 

.61 

(Note 

1) 

4. 

.56 

(Note 

1) 

64. 

.77 

(Note 

1) 

4. 

46 

(Note 

1) 

4. 

37 



64. 

77 

(Note 

1) 

69. 

14 



40. 

00 

(Note 

1) 

2. 

20 

(Note 

D 

1. 

80 

(Note 

1) 

35. 

14 



11. 

00 

(Note 

1) 

14. 

14 




(BW-64.77 
(SA « 16 


dB-HZ) 

dB) 


NOTES: 



1) Values obtained from "TDRSS Tal •communications Performance 
end Interface Document (TPID) " 

SE-09 12 March 1964 Table 1. 3.1-4 page 1-66. 

2) TT4C Return Crosslink EIRP: 


Transmitter Power , dBW 

-10.00 

Combiner Lc>ss, dB 

-1.50 

Transmission Lins Loss, dB 

-2.30 

Feed Loss, dB 

- .60 

Transmit Antenna Gain, dBi 

66.36 

Antenna Efficiency, dB 

-2.10 

EIRP 

49.86 dBW 


3) TTitC Return Crosslink G/T: 


Receive Antenna Cain, dBi 66.36 
Antenna Efficiency, dB -2.10 
Feed Loss, dB -.60 
Receive Line Loss, dB -2.50 
System Noise Temperature, dB-K -26 . Q? 

G/T 34.24 dBA 
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Forward Channel without Sun Effect; Baseband Signals 


Modulation: QPSK 
Coding: None 

Carrier Frequency - 54.3 GHz 



Parameter 

Value 

Units 


Remarks 


Transmitting S/C Power 

0 

.00 

dBW 

i 

. 0 watts 


Transmit Line Loss 

3, 

.80 

dB 




Feed Loss 

0 

.60 

dB 




Transmitting Antenna Gain 

63 , 

.10 

dBi 

3 . 2-m dish 


EIRP 

58, 

.70 

dBW 




Free Space Loss 

225, 

.53 

dB 

83,043 km 


Pointing Loss 

0 , 

.33 

dB 

0.02 

degree 


Polarization Loss 

0, 

.20 

dB 




Tracking Loss 

0, 

.33 

dB 

0.02 

degree 


Net Path Loss 

226. 

.39 

dB 




Receiving S/C Antenna Gain 

63. 

.10 

dBi 

3. 2-m dish; Temp. - 

10 K 

Feed Loss 

0. 

.60 

dB 

Temp 

.- 10 K 


Receive Line Loss 

2. 

.50 

dB 

Temp 

.- 290 K 


Receiver Temperature 





360 K 


System Noise Temperature 

26. 

.92 

dB-K 

492 

,5 K at Receiver 

Input 

Effective G/T 

33. 

.08 

dB/K 




Received Carrier Level 

-107. 

.69 

dBW 

At Receiver Input 


Boltzmann's Constant 

-228. 

.60 

dBW/Hz-K 




Received C/No 

93. 

.98 

dB-Hz 




CCI Degradation 

0. 

,00 

dB 




ISI Degradation 

1 . 

.07 

dB 




Modem Loss 

2, 

.00 

dB 




Data Rate 

77, 

.48 

dB-Hz 

56 Mb/s 


Available Eb/No 

13, 

.43 

dB 




Required Eb/No 

10 

.50 

dB 

BER - 10 ** , uncoded 


Coding Gain 

0 

.00 

dB 




Eb/No Margin 

2 

.93 

dB 
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Forward Channel without Sun Effect; Baseband Signals 



Modulation: SQPSK 
Coding : None 

Carrier Frequency - 54.3 GHz 


Parameter 

Value 

Units 

Remarks 


Transmitting S/C Power 

0. 

.00 

dBW 

1.0 watts 


Transmit Line Loss 

3, 

.80 

dB 



Feed Loss 

0 . 

.60 

dB 



Transmitting Antenna Gain 

63. 

.10 

dBi 

3.2-m dish 


EIRP 

58. 

.70 

dBW 



Free Space Loss 

225, 

.53 

dB 

83,043 km 


Pointing Loss 

0. 

.33 

dB 

0.02 degree 


Polarization Loss 

0 . 

,20 

dB 


Tracking Loss 

0 . 

.33 

dB 

0.02 degree 


Net Path Loss 

226. 

.39 

dB 



Receiving S/C Antenna Gain 

63. 

.10 

dBi 

3.2-m dish; Temp. - 

10 K 

Feed Loss 

0. 

.60 

dB 

Temp.— 10 K 


Receive Line Loss 

2. 

.50 

dB 

Temp.- 290 K 


Receiver Temperature 




360 K 


System Noise Temperature 

26 

.92 

dB-K 

492.5 K at Receiver 

Input 

Effective G/T 

33 

.08 

dB/K 



Received Carrier Level 

-107, 

.69 

dBW 

At Receiver Input 


Boltzmann's Constant 

-228 

.60 

dBW/Hz-K 


Received C/No 

93. 

.98 

dB-Hz 



CCI Degradation 

0. 

.00 

dB 



1SI Degradation 

1 . 

.07 

dfi 



Modem Loss 

2. 

.00 

dfi 



Data Rate 

77. 

.48 

dB-Hz 

56 Mb/s 


Available Eb/No 

13. 

.43 

dB 



Required Eb/No 

10. 

,50 

dB 

BER — 10 ^ , uncoded 


Coding Gain 

0 . 

.00 

dB 



Eb/No Margin 

2. 

93 

dB 
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SSA FORWARD 
FRONTSIDE TO BACKSIDE 

0.3 MBPS; NO CODING; CARRIER FREQUENCY = 54.300 GHz 


1 . 

FRONTSIDE CROSSLINK EIRP, DBW 

42.71 

(Note 1) 

2. 

PATH LOSS, DB 

-225.52 

(83, 043 KM) 

3. 

POLARIZATION LOSS, DB 

.20 


4. 

POINTING LOSS, DB 

.33 


5. 

TRACKING LOSS, DB 

.33 


6. 

BACKSIDE CROSSLINK REC. , POWER DBI 

-183.67 


7. 

BACKSIDE CROSSLINK G/T, DB/K 

33.09 

(Note 2) 

8. 

BOLTZMANNS CONST., DBW/HZ-K 

-228.60 


9. 

P/No (THERMAL) , DB-HZ 

78.02 


10. 

P/No (TOTAL) , DB-HZ 

78.02 


11. 

BANDWIDTH, DB-HZ 

55.16 

(328 KHz) 

12. 

P/N (TOTAL) , DB 

22.86 



NOTES: 


1) SSA Forward Crosslink EIRP: 

Transmitter Power, dBW 
Combiner Loss, dB 
Transmission Line Loss, dB 
Fepd Loss, dB 
Transmit Antenna Gain, dBi 
Antenna Efficiency, dB 

EIRP 


-16.00 (25 mW) 

-1.50 
-2.30 
- .60 
65.21 

42.71 dBW 


2) SSA Eorward Crosslink G/T: 



Receive Antenna Gain, dBi 

Antenna Efficiency, dB 

Feed Loss, dB 

Receive Line Loss, dB 

System Noise Temperature, dB-K 

G/T 


65.21 

- 2.10 

-.60 

-2.50 

~ 26 j. 22 „ 

33.09 dB/K 
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KSA FORWARD 
FRONTSIDE TO BACKSIDE 

25 MBPS; NO CODING; CARRIER FREQUENCY = 54.300 GHz 


1 . 

FRONTSIDE CROSSLINK EIRP, DBW 

62.01 

2. 

PATH LOSS, DB 

-225.52 

3. 

POLARIZATION LOSS, DB 

.20 

4. 

POINTING LOSS, DB 

.33 

5. 

TRACKING LOSS, DB 

.33 

6. 

BACKSIDE CROSSLINK REC., POWER DBI 

-164.37 

7. 

BACKSIDE CROSSLINK G/T, DB/K 

33.09 

8 . 

BOLTZMANNS CONST., DBW/HZ-K 

-228.60 

9. 

P/No (THERMAL) , DB-HZ 

97.32 

10. 

P/No (TOTAL) . DB-HZ 

97.32 

11. 

BANDWIDTH, DB-HZ 

73.98 

12. 

P/N (TOTAL) , DB 

23.34 


NOTES: 


1) KSA Forward Crosslink EIRP: 

Transmitter Power, dBW 
Combiner Loss, dB 
Transmission Line Loss, dB 
Feed Loss, dB 

Transmit Antenna Gain., dBi 
Antenna Efficiency, dB 

EIRP 


65.21 

- 2.10 

-.60 

-2.50 

26.92 

33.09 dB/K 


2) KSA Forward Crosslink G/T: 


Receive Antenna Gain, dBi 

Antenna Efficiency, dB 

Feed Loss, dB 

Receive Line Loss, dB 

System Noise Temperature, dB-K 

G/T 


3.00 (2 W) 
- 1.20 
-2.30 
- .60 
65.21 
■zUJL 
62.01 dBW 


(Note 1) 
(83, 043 KM) 


(Note 2) 


(27.3 MHz) 
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TT&C FORWARD 
FRONTSIDE TO BACKSIDE 

0.01 MBPS; NO CODING; CARRIER FREQUENCY = 54.300 GHz 


1. FRONTSIDE CROSSLINK EIRP, DBW 

2. PATH LOSS, DB 

3. POLARIZATION LOSS , DB 

4. POINTING LOSS, DB 

5. TRACKING LOSS, DB 

6. BACKSIDE CROSSLINK REC. , POWER DBI 

7. BACKSIDE CROSSLINK G/T, DB/K 

8. BOLTZMANNS CONST., DBW/HZ-K 

9. P/No (THERMAL), DB-HZ 

10. P/No (TOTAL), DB-HZ 

11. BANDWIDTH, DB-HZ 

12. P/N (TOTAL), DB 


49.01 (Note 1) 
-225.52 (83,043 KM) 

.20 
.33 
.33 
-177.37 

33.09 (Note 2) 
-228.60 
84.32 
84.32 

40.41 (11 KHz) 

43.91 


NOTES: 

1) TT&C Forward Crosslink EIRP: 

Transmitter Power, dBW -10.00 (100 mW) 


Combiner Loss, dB 

-1.20 

Transmission Line Loss, dB 

-2.30 

Feed Loss, dB 

- .60 

Transmit Antenna Gain, dBi 

65.21 

Antenna Efficiency, dB 

-z.2^ 12., 

EIRP 

49.01 dBW 


2) TT&C Forward Crosslink G/T: 

65.21 
- 2.10 
-.60 
-2.50 
26 ^ 22 . 
33.09 dB/K 


Receive Antenna Gain, dBi 
Antenna Efficiency, dB 
Feed Loss, dB 
Receive Line Loss, dB 
System Noise Temperature, dB-K 

G/T 
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60 GHz CHANNELIZED CROSSLINK (GEO-GEO) 
POWER, WEIGHT AND SIZE 

FRONTSIDE SATELLITE 



EQUIPMENT 

■ 

MEM 

POWER 

W 

SIZE 

In x In x In 

REDUN- 

DANCY 

TOTAL 

WT 

TOTAL 

POWER 

RETURN UNKS 








Low Noise Amplifier 

11 

4.3 

28 

1x3x.75 

10 

90.3 

308 

Down Converter 

10 

5 

24 

5x4x2 

9 

95.0 

240 

Demodulator 

9 

3 

6 

3x4x2 

8 

51.0 

54 

Four Ch. Down Convert 

1 

13 

30 

6x4x2 

1 

26.0 

30 

Rf Demultiplexer 

1 

1.5 


8x1x1 

“ 

1.5 

“ 

FORWARD UNKS 








50 GHz Modulator 

1 

5 

24 

5x4x2 

1 

10.0 

24 

& Source 
Power Amp (1W) 

1 

0.5 

11 

4x2x1 

1 

1.0 

11 

Power Amp (0.025W) 

2 

0.3 

0.3 

3. 3x2x1 

2 

1.2 

0.6 

Power Amp (2W) 

2 

0.7 

22 

10x5x1.5 

2 

2.8 

44 

Power Amp (0.1 W) 

1 

0.3 

1 

3. 3x2x1 

1 

0.6 

1 

Up Converter 

5 

5 

24 

5x4x2 

5 

50.0 

120 

Power Combiner 

1 

0.7 

- 

8x1x1 

- 

0.7 

- 

Bandpass Filter 

1 

0.1 

- 

2x1x1 

- 

0.1 

- 

COMMON 








Feed Assembly 

1 

3.5 

_ 

4x4x18 

_ 

3.5 

- 

Antenna (3.2m) 

1 

60.5 

- 

126x126x35 

- 

60.5 

“ 

Gimbal Subsystem 

1 

28 

9 

14x13x5x1 1 

- 

28.0 

9 

Gimbal Drive Elec 

1 

5 

6 

8.5x2.6x5.7 

1 

10.0 

6 

Acquisition & 
Track Rcvr 

1 

1.2 

4 

3x6x2 

1 

2.4 

4 . 

Antenna Controller 

6 

0.5 

0.1 

4x8x.5 

12 

9.0 

0.6 

Ant. Cntrl. Microproc. 

1 

0.5 

0.4 

4x8x.5 

2 

1.5 

0.4 

DC/DC Converter 

1 

4 

213.2 


2 

12.0 

213.2 


TOTAL WEIGHT: 278.1 lbs (single string) 

457.1 lbs (with redundancy) 


TOTAL POWER: 1,065.8 watts 
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60 GHz CHANNELIZED CROSSLINK (GEO-GEO) 
POWER, WEIGHT AND SIZE 

BACKSIDE SATELLITE 


EQUIPMENT 

QNTY 

WT. 

LBS 

(EA) 

POWER 

W 

SIZE 

In x In x in 

REDUN- 

DANCY 

TOTAL 

WT 

TOTAL 

POWER 

RETURN UNKS 








60 GHz Modulator & 

9 

5 

24 

5x4x2 

9 

90.0 

216 

Source 








Power Amp (2.5W) 

8 

0.7 

27 - 

10x5x1.5 

8 

11.2 

216 

Power Amp (1 W) 

3 

0.5 

11 

4x2x1 

3 

3.0 

33 

Power Amp (4W) 

2 

0.9 

43 

10x5x1.5 

2 

3.6 

86 

Power Amp (0.1W) 

1 • 

0.3 

1 

3. 3x2x1 

1 

0.6 

1 

Up Converter 

5 

5.0 

24 

5x4x2 

5 

50.0 

120 

Power Combiner 

1 

0.5 

- 

6x1x1 

- 

0.5 

. 

RF Multiplexer 

1 

1.5 

- 

8x1x1 

- 

1.5 

- 

FORWARD UNKS 








landpass Filter 

1 

0.1 

- 

2x1x1 

m 

0.1 


~-uow Noise Amp 

1 

4.3 

28 

1 x3x3/4 

1 

8.6 

28 

Six Ch Down Convert 

1 

15 

30 

8x4x2 

1 

30.0 

30 

IF Demodulator 

1 

3 

6 

3x4x2 

1 

6.0 

6 

COMMON 








Feed Assembly 

1 

3.5 

- 

4x4x18 

_ 

3.5 


Antenna (3.2m) 

1 

60.5 

- 

126x126x35 

- 

60.5 

. 

Gimbal Subsystem 

1 

28 

9 

14x13.5x11 

- 

28.0 

9 

Gimbal Drive Elec 

1 

5 

6 

8.5x2. 6x5.7 

1 

10.0 

6 

Acquisition & 

1 

1.2 

4 

3x6x2 

1 

2.4 

4 

Track Rcvr 








Antenna Controller 

6 

0.5 

0.1 

4x8x.5 

12 

9.0 

0.6 

Ant. Cntrl. Microproc. 

1 

0.5 

0.4 

4x8x.5 

2 

1.5 

0.4 

DC/DC Converter 

1 

4.0 

189 


2 

12.0 

189 


TOTAL WEIGHT: 209.3 lbs (single string) 

354.6 lbs (with redundancy) 

TOTAL POWER: 945 watts 
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SELECTION OF ANTENNA TYPE 
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SELECTION OF ANTENNA TYPE 
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ELECTRONICALLY SCANNED ANTENNA 
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MECHANICALLY SCANNED ANTENNA 
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HYBRID ELECTRONIC/MECHANICAL SCAN ANTENNA 


I I 



Ford Aerospace & 
Communications Corporation 



GIMBALLED DUAL REFLECTOR, FIXED FEED 
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GIMBALLED DUAL REFLECTOR, FIXED FEED 
(ALTERNATE DESIGN) 



DIRECT RADIATION TRANSMISSION 
OF RF POWER 



BASELINE GEO CROSSLINK ANTENNA 
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BASELINE GEO CROSSLINK ANTENNA 
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ANTENNA DESIGN 





APERTURE DISTRIBUTION RADIATION PATTERN 

TAYLOR DISTRIBUTION, P = O, 25 dB APERTURE EFFICIENCY: 0.89 

WITH 6 dB ROLLOFF AT CENTER FIRST SIDELOBES: - 18.6 dB 


APERTURE EFFICIENCY VERSUS SIDELOBE LEVEL 
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BEAM WAVEGUIDE 
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BEAM WAVEGUIDE OPTIONS 
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BEAM WAVEGUIDE OPTIONS (Continued) 
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RECEIVER FRONT END 
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60 GHz LOW NOISE AMPLIFIERS 
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60 GHz LOW NOISE AMPLIFIERS 
(Continued) 
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CANDIDATES FOR LOCAL OSCILLATOR 
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CANDIDATES FOR LOCAL OSCILLATOR 
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LO STABILIZATION TECHNIQUES 
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LOCAL OSCILLATOR CRITICAL 
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STABLE, LOW-NOISE LOCAL OSCILLATOR 



(38P) 3SION © 
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1 KHz 10 KHz 100 KHz 1MHz 10 MHz 
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GEOGEO DEMODULATOR 
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LEO-GEO DEMODULATOR 
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POWER DEVICES 
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POWER DEVICES (CONTINUED) 
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GUNN EFFECT DIODES 
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IMPATT DIODES 
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POWER TRANSFER CHARACTERISTIC OF COMPLETE 
TWO-STAGE IMPATT AMPLIFIER 


r 



Reference: H.J. Kuno and D.L. English, "Millimeter Wave IMPATT Power Amplifier/Combiner" 
IEEE Trans. Microwave Theory Tech., Vol. MTT-24, p.p. 758 767, Nov. 1976 
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POWER COMBINING TECHNIQUES 
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POWER COMBINING TECHNIQUES (CONTINUED) 
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COMPARISON CANDIDATE 10 WATT POWER AMPLIFIERS 


£ 

to 

o 

o> 

| 8 

U 


< w 00 
2 < 73 


<= 

lO 


O) 

c ^ 
— co 
0 
3 o 


to > 


CD 

x> 

CO 

CO 


£ 

o 

CM 


<: 

O 


CD 

T3 

CO 

CO 


£ 

o 

CM 


5 

O 


CD 

“O 

CO 

CO 


£ 

o 

CM 


£ 

O 


<5 


o 

o 

CM 


r^ 

co 


I £ 


0 


0 

CL 

8 


n© 

lO 


vO 

O 


V© 

0 s 

in 


3 

Q. 

C 


co 

-Q 

co 


>N 

o 

c 

a> 

‘o 

LU 


CO 

X} 

CO 

to 



DC 

5 

JO 

O) 

*0 

$ 


(0 

JO 


£ £ 


CO 

o 


8 

5 

ft 

I 


in 

co 

CM 


CO 

JO 

(0 

£ 

CO 

£ 

£ 


CO 

CO 

O) 

8 


T“ 

CO 



* 


CO 

co 

<0 

-D 


0 

H 

LL 

O 

x> 

£ 

““ 


O 



CM 

O 

CO 

CO 

cd 

O 


cd 

cd 

T— 

CO 

CM 


-C 

g) 

1 

re 

■5 


O 

Q 

0 
t: 

1 

O. 


X) 

CO 

"35 

DC 


co 

CO 

T> 

0 

-C 

H CO 
. 0) 

-§1 

o q 

xj 3 
q 3 ST 

£ § 


8 


§1 

°- « 

7 b 

0 (0 

Ef 

o 2 

O 1- 

m 0 

&| 

0 si 

C0 >r 

0 O 
fo co 
E 2 
'V> 2 

O © 
C 3 

2 re 

3 a> 

°E 

•- 1 
a> < 
re ^ 

■o 0 

.-s' .55 

S I 

2t 

cS 

0 o 

O C 

St CO 
3 0 ) 
CO o 

c ^ 

♦ 


.for d Aerospace & 
Communications Corporation 


10/7.5 WATT IMPATT AMPLIFIER 
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0.6 WATT IMPATT AMPLIFIER 
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Techniques for hardware integration cross-strapping must be 
improved to achieve reliability goals within physical constraints. 
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60 GHz ISL DEFINITION STUDY BASELINE 
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TDAS LAYOUT 



ORIGINAL PAGE lf> 
OF POOR QUALITY 



ELECTRONICS MODULE CONCEPT 



3 METER BASELINE ANTENNA CONFIGURATION 



3 METER MAIN REFLECTOR MASS TRADEOFF 



Ford Aerospace A 
Communications Corporation 







3 METER MAIN REFLECTOR RESONANCE TRADEOFF 
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3 METER ANTENNA SYSTEM RESONANCE 
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MULTILAYER THERMAL BLANKET 
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THERMAL CONTROL PROPERTIES 
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THERMAL CONTROL PROPERTIES 


o 

w 

o 

tt 


«n . co 

oo «o 

♦ • 

o o 


m o 

00 00 

© o 


o 

a 


o 

« 


O <N 

VO in 

o o 


o Os 

CN CO 

© O 


O 

Os CN 

o o 


o oo 

ON O 

o o 


o 

o 

c 

cd 


6 

w 

<D 

> 


o 

<D 

w 


in 

© 

© 


in 

o 

© 


c 

*3 

Qh 


<D 



e 

2 

8 

c 

<L> 

06 


o 

on 

"3 

o 

*Z3 

a. 

o 


2 c 
<u o 

^ H. 

3 cd 

« o 

CO _ u 

“ *s & 

>*> 3 

« C 00 

si 

= 3 s 

2 < O 


O) 

<4~> 

<u 

c 

2 

5 

Ih 

<u 

>> 

cd 


a> 

a 

*=* 

.S "d 

cd p 

Qh cn 


a 

cd 


2 5 


2 

3 

O 


Ford Aerospace & 
Communications Corporation 



PRELIMINARY THERMAL MODEL FOR 
3 METER REFLECTOR ASSEMBLY 
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60 GHz MAIN REFLECTOR TIME VS. TEMPERATURE 
RESPONSE FOR ECLIPSE AND POST ECLIPSE 
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TEMPERATURE PREDICTION SUMMARY 
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ELECTRONIC MODULE THERMAL CONTROL 
TRADEOFF GEO/GEO, GEO/LEO 
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RADIATOR SURFACE AREA REQUIREMENTS 
23.5 DEGREE SUN ANGLE 
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RADIATOR SURFACE AREA REQUIREMENTS 
60 DEGREE SUN ANGLE 
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RADIATOR SURFACE AREA REQUIREMENTS 
83.5 DEGREE SUN ANGLE 
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POWER, SIZE AND WEIGHT SUMMARY 
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RF PATH TRANSPONDER TO ANTENNA 
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RELATING DISTURBANCE MOMENTUM TO BODY RATES 
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REFLECTOR MOTION COMPENSATION CONCEPT 
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MULTIPLE REFLECTOR COMPENSATION SCHEMATIC 
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60 GHz REQUIRE NO NEW TECHNOLOGIES 
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